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Abstract

There is a growing demand in hard turning industry to produce favorable surface integrity (surface finish, microstructure, microhardness,
and residual stress) for improving component performance. Suitable process parameters will produce certain favorable surface integrity or ¢
least avoid detrimental phase transformations to component performance. Itis not clear if surface integrity is controllable using a set of selecte
process parameters. This research is to study the feasibility of obtaining four distinct types of surface integrity, which may have potential
dramatic effects on fatigue life of hard-machined components. This study identifies surface integrity first and follows with the necessary
conditions possible to create it in hard turning. Favorable surface integrity for optimal fatigue life can be produced using small feeds and sharyj
cutting tools. From the process point of view, tool wear is the dominant factor to promote white layer formation and yields a large variance of
surface roughness, which may significantly deteriorate component life. A white layer could be more than 30% harder and a dark layer abou
60% softer than the bulk material.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction component life in service. But to be able to “design” a pro-
cess, one must understand the effects of process parameters
Precision-machined components typically fall into two on component surface integrity. Hard turning may induce
categories, hard turned or ground. Since the late 1970s harch deep compressive residual stress in the subsurface, while
turning, the turning of material with hardness greater than it may also produce a phase-transformed layer of material
45 HRC, has become economically, environmentally, and on the component surface, commonly referred to as ‘white
technically competitive when compared to grindiflj. layer’ [2,3] because of its white appearance under an optical
Surface integrity is a qualitative as well as quantitative de- microscope. The white layer is harder than the bulk material,
scription of both the surface and subsurface of a component.and is often associated with tensile residual stresses. It is
Some of the properties commonly considered in surface often assumed that a white layer is detrimental to fatigue life
integrity include, but not limited to, surface topography, though its effect on service life is poorly understood.
surface and subsurface hardness, microstructure, residual Since hard turning is capable of producing particular sur-
stresses, etc. Hard turning has the advantage of a singldace integrity, it is important to define what surface integrity
cutting edge, capable of ‘controlling’ the surface integrity of is considered to be. A clear understanding of the types of sur-
the machined part through different machining parameters. face integrity attainable in hard turning will not only provide
With this capability, manufacturers may be able to design a key insight to the machining process itself, but also provide
machining process for optimal surface integrity to maximize a basis for determining the benefits to a turned component’s
life. This study will investigate surface topography, surface
* Corresponding author. Tel.: +1 205 348 2615; fax: +1 205 348 6419.  roughness, micro-hardness, subsurface microstructure, and
E-mail addressyguo@coe.eng.ua.edu (Y.B. Guo). residual stresses of the turned AISI 52100 components.
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The objectives of this study are to: (1) identify four types 2.1. Surface finish
of distinct surface integrity that may significantly influence
component life; (2) test the attainability of the types of sur- Several studief5—7] have shown that hard turning may
face integrity through hard turning tests with suitable process produce equivalent, if not better, surface finish to grind-
parameters; and (3) investigate the effects of the selected proing. Surface finish is nhominally defined by feed and cut-
cess parameters on surface integrity. This investigation will ting edge geometry such as edge radius and nose radius.
provide an insight to the ability of attaining desired surface Theoretically, the increased tool nose radius can decrease
integrity through the effects of established process parame-surface roughness, or in other words increase the surface
ters. quality. However, the use of large nose radius to achieve
better surface finish is often limited by cutting edge plow-
ing. Since fatigue damage may initiate from the compo-
nent surface, surface finish will have a great influence on
the fatigue life[8]. Surface irregularities such as feed marks
on the component surface pose a great threat to fatigue
crack nucleation. Mirrored surfaces give improved fatigue
life, while fatigue life of coarse or rough surfaces deteri-
orates. It is desirable in industry to obtain mirror surface

2. Literature review

Fatigue life is one of the main design criteria for hard-
machined componenf4], and surface integrity significantly
influences fatigue life. One critical question faced in the
hard turning industry concerns what surface integrity can be . . .
produced. Another one is whether surface integrity factors f'mShdgf .bearllr;lg .af].sembly, shaft,Te;]xIe,fetc. W'FhO.Ut adding
are controllable in hard turning. The true effects of residual an ab _|t|orr1]a b|n|s mgf procfgs_sh ere_tﬁrefn 'S rllmpdortant
stress and white layer on fatigue life are very controversial Fo obtain t el ?St surkace INISh possi eh romh ar Itulrn—
topics, but distinct surface integrity may have significant Ing process. It Is pqt nown at pres.ent t .at what re athn
impact on fatigue life. Therefore the following four types between surface finish and surface integrity such as white
of surface integrity encountered in hard machining were layer.

produced. .
2.2. Residual stress

o Fresh surface FS-1 (defined able J) free of white Residual stress pattern induced by hard turning is
layer — residual stress pattern A (residual stress profile riical for component life and corrosion resistance. The
with a negative slope in the near-surface and deep esiqual stress profile is significantly influenced by feed,
maximum compressive re_S|duaI stress in the subsu_rface).cutting speed, and cutting edge geometry. It was found

o Fresh surface FS-2 (defined able J) free of white 4t increasing the feed rate will cause larger compressive
layer — residual stress pattern B (more compressive rggiqual stresses or shift the maximum compressive residual
residual stress in the near-surface but shallow maximum gt acg deeper into the subsurf46¢9,10] The increased
compressive residual stress in the subsurface compareq,giys of a cutting tool will also produce larger compressive
with residual stress pattern FS-1). _ residual stresg6,11]. The existence of a white layer is

e Thick white layer surface WL-1Table ) with large often associated with large magnitude of tensile residual

tensile residual stress. _ _ stress in the near surfa¢@2]. It is generally agreed that
e Thinwhite layer surface WL-ZTable J with large tensile  gytace tensile residual stress reduces fatigug2ife3—15]

residual stress. and compressive residual stress improvg46t17] A few

studieq4,6,16]have shown that residual stress profile rather

While establishing process parameters for the four typesthan surface residual stress has significant influence on
of surface integrity might seem relatively easy, it should be rolling contact fatigue (RCF) and deep compressive residual
noted that the combination of the ‘best’ parameters might stress seems to be more beneficial to RCF life than shallower
have very complex and often undesired effects on surfacecompressive residual stress of greater magnitude. This
integrity. For example, while increasing the cutting speed suggests that residual stress profile has more influence on
has been seen to increase machining efficiency, it may alsofatigue damage than surface residual stress alone. But, what
increase temperatures and induce tensile residual stress ancesidual stress profile pattern will improve RCF is still a

allow the risk of white layer formation. mystery.

Table 1

Cutting conditions for distinct surface integrity

Cutting conditions Fresh surface #1 (FS-1) Fresh surface #2 (FS-2) White layer #1 (WL-1) White layer #2 (WL-2)
V (m/min) 1068 1068 1692 1692

f (mm/rev) 01016 00254 00254 00254

DoC (mm) 0254 0254 0254 0254

VB (mm) 0 0 Q7 0.4
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